AD-A130  881 
UNCLASSIFIED 


STRESS  FRACTURES:  THE  REMODELLING  RESPONSE  TO  EXCESSIVE 
REPETITIVE  LOADING(U)  TUFTS  UNIV  BOSTON  MR 
NUSCULO-SKELETflL  RESEARCH  GROUP  C  T  RUBIN  ET  AL. 

06  JUL  83  DAAK60-83-C-0031  F/G  6/5 


I880S.TVOV  M00  31U3IW 


f 


strors.txt  B-Jul-83 


(text  4) 


STRESS  fractures:  THE  REMODELLING  RESPONSE  TO 
EXCESSIVE  REPETITIVE  LOADING 


C.T.  Rubin*  J.  McA.  Harris*  B.H.  Jones*  H.B.  Ernst*  &  L.E.  Lanvon 
Musculo-SKeletal  Research  Group  of  Tufts  University 


dtic 

ELECT* 


2  9  1983 


Tiu»  document  ha*  b»#n  app’oved. 
ior  public  r#l*a»e  end  *c:le;  i.i 
d’-trib  '"ion  ’ .  : 


Ox U 


P-  —  W  Ala  Him.  ■-  A>  MO-15: 

[BRSNaTSTomci  symkx 


MS^mON  FORM 


»ay  la  TV*  M|m— l  (aaMt'i  OSH  at. 


SGRD-UE  -PH 


Request  for  Clearance  of  Technical  Paper  (USARIEM) 


MBtatemmmmmmxHW  FB0*  Dir,  Exer  PH  Div 

ARIEM 


OATR 11  Jul  83 


TO  Commander,  USARIEM 

1.  Reference  USARIEM  Memo  360- 1,  I  request  clearance  of  attached  □  manuscript,  fex]  abstract,  |  I  presentation, 
□technical  report,  □review  article.  Report  Documentation  Page,  DD  Form  1473  (is)  (is  not)  attached. 

Title.  Stress  Fractures:  The  Remodelling  Response  to  Excessive  Repetitive  Loading 


Author(s)  C.T.  Rubin,  J.  McA.  Harris,  B.H.  Jones,  H.B,  Ernst,  &  L,E.  Lanyon 
Musculo-Skeletal  Research  Group  of  I’utts  University 

Intended  for  publication  in _ _ _ 

Intended  for  presentation  before  Orthopedic  Research  Society _ 


Location  Atlanta,  GA 


Dot.  February  19 8 A 


2.  Budget  Project  No._ 


Cost  Cod.  34581101029 


3.  Attached  contains  no  classified  material.  It  meets  accepted  standard*  lor  scientific  accuracy  and  propriety. 
It  contains  no  potentially  sensitive  or  controversial  items.  1  J* 


2  Ind 

as 


IS  A,  VOGEL,  Phil 
Director 

Exercise  Physiology  Division 


SGRD-UEZ  ( 

THRU  Chief,  Admin  Svc 
Dir, _ 


FROM  Commander 


Div 


date 


|TO 


Clearance  is  granted. 
n  Clearance  is  not  granted. 

D  This  document  must  be  forwarded  to  USAMRDC  for  clearance. 


ERNEST  M.  I  RONS,  JR.  v 


Colonel,  MSC 
Commanding 


NATICK  FL  4S3 

1  Nov  82  COITION  OF  I  MAR  S3  IS  OBSOLETE. 


CLEARANCE  NO.  P35/83 


HA  POM  Bifla  nsplacss  be  rows  m,  cxwTtva  avenues  oe 

Ufl  I  PEE  SB  4490  MOVES  AMD  UMBtMTUt  PEE  M  VNkEM  MON 


VNteNVIU.EC 


aus.SKi  saeeas/asas 


The  skeleton's  ability  to  withstand  functional 


loadina  without  damage  is  primarily  the  result 
of  the  bones'  capacity  to  remodel  in  response  to 
the  manner  and  magnitude  of  the  loads  imposed 
upon  them.  The  consequence  of  this  adaptive 
response  is  that  skeletal  mass  and  architecture 
are  normally  “tuned”  to  each  individual's 
current  mechanical  load-carrying  requirement. 
Under  normal  circumstances »  in  youngi  healthy 
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individuals,  this  matching  of  structure  and 
function  results  in  adequate  bone  mass, 
appropriate  architecture,  and  pain-free  use. 


) 

The  occurrence  of  stress  fractures  indicates  a 
failure  to  maintain  an  adequate  match  between 
bones'  structure  and  their  functional 
requirement.  Stress  fractures  occur  both  in 
well-trained  athletes  pushing  for  the  limits  of 
their  performance,  and  in  poorl y-trained  people, 
particularly  women,  following  an  abrupt  change 

or  increase  in  the  level  of  their  physical 
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activity  {4:).  The  conventional  view  of  the 
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etiology  of  the  -^training  up'"  type  of  stress 
fracture  is  that  the  remodelling  processes  are 
incapable  of  completing  the  necessary  structural 


alterations  before  continued  loading  causes 
failure  due  to  fatigue  in  the  bone  material 
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repair  of  this  internal  damage  can  only  be 
accomplished  by  increased  resorption,  which 
aggravates  the  situation  by  further  reducins  the 
already  inadequate  effective  bone  area.  At  this 
stase.  radioloaical  evidence  of  a  defect  and/or 
an  area  of  bone  rarefaction  may  appear. 

.Treatment  of  the  condition  is  relatively  simple 
since  reduction  of  strenuous  activity  allows  the 
reparative  remodellins  process  to  run  its 
course,  following  which  the  hisher  level  of 
activity  can  be  gradually  reintroduced. 

In  order  to  investigate  the  etiology  of  stress 
fractures  induced  by  abnormally  high  repetitions 
of  cyclic  loading,  we  utilized  the  in  vivo  avian 
ulna  preparation  previously  reported  (2). 
Intermittent  loads  from  a  modified  Instron 
machine  were  applied  to  the  ulna  via  its 
transfixing  pins.  The  loads  were  adjusted  to 
produce  peaK  longitudinal  strains  at  the 
midshaft  of  either  2000  or  3000  micrbstrain.  The 
strain  waveform  was  sinusoidal  with  a  maximum 
loading  and  unloading  strain  rate  of  50.000 
microstrain/sec.  Each  bone  was  subjected  to 
•30.000  strain  cycles  per  day  in  a  single  period 
of  loading.  Loading  was  discontinued  either  when 
the  animal  showed  discomfort  or  at  8  weeKs. 


whichever  was  the  sooner.  The  fewest  number  of 
cycles  delivered  to  any  bone  was  30.000  (1  day) 
the  laraest  was  1.600.000  cycles  (54  days). 


cortex  which  is  subjected  to  substantially  lower 
strains  than  the  periphery. 

These  data  sussest  that  the  most  extensive  and 
demonstrable  bone  defects  associated  with' 
excessive  repetitions  of  cyclic  loadins  are  , 
those  resultins  from  resorption.  The  resorption 
of  the  cortex,  and  the  eventual  failure  caused 
by  the  decrease  in  effective  load  bearing  area> 
is  thus  more  liKely  to  be  a  consequence  of  the 
remodelling  response  to  the  prevailing  strain 
situation  than  a  failure  of  the  material  due 
to  fatigue. 

(1)  Scully  &  Besterman  (1S82)  Mili.  Med.  147:285 

(2)  Rubin  &  Lanyon,  Trans.  O.R.S.  1983r  P.70. 
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